Introduction
============

Lung cancer is the most common cancer and the most common cause of cancer death in males, while it is a fourth most commonly diagnosed cancer and the second leading cause of cancer death in females.[@b1-ott-8-2915] The biggest challenge of modern oncology is definitely improving overall survival (OS), bearing in mind that 5-year survival rate remains \<15% among all stages of the disease.[@b2-ott-8-2915] Surgery continues to be the best curative treatment option for the patients with non-small-cell lung cancer (NSCLC). Unfortunately, only a small fraction of patients are eligible for surgical resection with disappointing 5-year survival rates of 67% and 23% for stage IA and stage IIIA, respectively.[@b3-ott-8-2915] In general, the main problem for achieving long-term survival is tumor recurrence.[@b4-ott-8-2915] In other words, so far we were unable to accomplish sustainable duration of response. It is known that cisplatin-based chemotherapy given in a neo-adjuvant or adjuvant setting can modestly contribute to the prolongation of survival. The Lung Adjuvant Cisplatin Evaluation meta-analysis showed statistically significant benefit of OS and disease-free survival (DFS) for patients who received adjuvant chemotherapy.[@b5-ott-8-2915] The introduction of epidermal growth factor receptor-tyrosine-kinase inhibitors (EGFR-TKIs) was the breaking point in the treatment of advanced EGFR-mutated NSCLC. Indeed, multiple randomized Phase III trials have showed that patients treated with EGFR-TKIs had an outstanding response rate (58%--75%) and more than doubled progression-free survival in comparison to patients on standard chemotherapy.[@b6-ott-8-2915],[@b7-ott-8-2915] Superiority of EGFR-TKIs over the standard chemotherapy in patients with advanced EGFR-positive NSCLC reasonably imposed question: whether these agents can be useful for patients with earlier stages of NSCLC? Currently, there is evidence that targeted therapy has a significant impact on OS and DFS in other tumor types. Adjuvant trastuzumab notably improves OS in resected HER2-positive breast cancer,[@b8-ott-8-2915] while adjuvant imatinib--mesylate significantly improves DFS in patients with resected gastrointestinal stromal tumor (GIST), positive for KIT protein, compared with placebo group (HR =0.35; *P*\<0.0001).[@b9-ott-8-2915] The aim of this article is to elaborate present status of adjuvant treatment with EGFR-TKIs in NSCLC.

Adjuvant TKIs treatment for early stage NSCLC
=============================================

Early trials of adjuvant TKIs in unselected NSCLC populations
-------------------------------------------------------------

The beginning of the investigation of adjuvant EGFR inhibition in resected NSCLC is dated about a decade ago with two large randomized trials designed to assess EGFR-TKIs in early stage NSCLC. Both trials were conducted in an unselected patient population. The first one was SWOG S0023, a Phase III study that evaluated inoperable patients with stage III NSCLC who were expected to receive concurrent chemoradiation. Patients without disease progression after that treatment were randomized to receive either gefitinib or placebo for 2 years.[@b10-ott-8-2915] The primary objective of this study was OS. The study enrolled 243 of the planned 840 patients (118 patients were assigned to the gefitinib arm, and 125 patients were assigned to placebo), and unfortunately, it was interrupted by an unplanned early analysis because of the results from the ISEL trial.[@b11-ott-8-2915] The ISEL trial was a randomized study done in metastatic patients evaluating the effect on survival of gefitinib as a second- or third-line treatment for patients who were refractory to or intolerant of their most recent chemotherapy regimen. Surprisingly, this trial had negative results and verified no survival benefit with gefitinib. At that time, all other trials using gefitinib were inspected for safety analysis. SWOG 0023 study, unfortunately, showed that patients on gefitinib treatment were doing worse compared with those on placebo (with a median follow-up time of 27 months and median survival time of 23 months for gefitinib and 35 months for placebo; *P*=0.013); the results were enough for premature termination of the trial. The second large randomized Phase III trial was BR.19 trial, investigating EGFR-TKIs in the adjuvant setting for completely resected NSCLC.[@b12-ott-8-2915] In this study, patients with complete resection of stage IB--IIIA NSCLC and optional adjuvant chemotherapy were randomized to receive either gefitinib or placebo for 2 years. This study was stopped soon after the ISEL study was found to be negative, as well as the aforementioned SWOG 0023 interim report. Of a planned 1,160 patients, only 503 were enrolled (251 to gefitinib and 252 to placebo) with the median duration of the study treatment \<5 months. OS, as a primary endpoint of this study, showed no statistically significant difference between placebo and gefitinib (HR =1.23; *P*=0.136). Among patients with known EGFR status, 344 patients had wild-type status, where only 15 (4%) had mutations (all adenocarcinoma). The subset analysis for those 15 patients with EGFR-positive tumors (seven on gefitinib and eight on placebo) showed no beneficial effect of gefitinib on DFS (HR =1.84; *P*=0.40) or OS (HR =3.16; *P*=0.15). Therefore, the BR.19 study is underpowered, because it was prematurely stopped. Also, \<50% of the planned number of patients was enrolled. The patients were planned to be treated for 2 years, and actually, they received treatment for \<5 months on average, which is considered suboptimal duration of therapy. A Group of Chinese authors analyzed the BR.19 study retrospectively and pointed out several possible explanations for such poor results.[@b13-ott-8-2915] First, the median time of treatment was shorter than usual leaving not enough space for TKIs to demonstrate their efficacy. Second, a low EGFR mutation rate was observed in this study (15/503, 3.0%) most likely due to nonselected population. However, there is also a hypothesis that there might be a lower EGFR mutation rate in early stages of NSCLC and that, in general, early and advanced NSCLC might have different biologic characteristics. Considering those facts, it is impossible to give conclusions regarding the efficacy of adjuvant TKIs for patients with EGFR-positive NSCLC.

Adjuvant TKI treatment in selected EGFR-positive populations
------------------------------------------------------------

In 2011, a group of authors from the Memorial Sloan-Kettering Cancer Center (MSKCC) offered promising data, showing for the first time that patients with NSCLC after surgery can benefit from adjuvant TKIs.[@b14-ott-8-2915] They retrospectively collected 167 patients with EGFR-positive completely resected lung adenocarcinomas and divided them into two groups: group of patients who were not treated with TKIs (111 patients) and group of patients who were on TKIs (56 patients). Then authors analyzed both groups of patients as separate cohorts and compared them in terms of outcome. Many of these patients received adjuvant standard chemotherapy in addition to TKI treatment. This group reported impressive 89% 2-year DFS rate as compared with 2-year DFS rate (72%) for patients who did not receive adjuvant TKI (trend toward significance *P*=0.06, HR =0.53). These data suggest that there might be a benefit in delaying recurrence of disease. Additionally, authors reported OS, which did not look statistically significant; although at the time of the initial report in 2011, median OS rate had not yet been reached. The same group of authors from MSKCC, in late 2012, published results from a retrospective study in which they analyzed tumor samples from patients with completely resected lung adenocarcinomas seen at MSKCC from January 2002 to December 2009.[@b15-ott-8-2915] Authors also updated their database, which was entirely made of patients with completely resected lung adenocarcinomas in stage I--III, with identified EGFR mutation. This update had more patients with EGFR mutation in comparison with the prior set. Among 286 patients with resected lung adenocarcinoma and EGFR mutation, 84 patients (29%) received adjuvant gefitinib or erlotinib. Statistical analysis showed that patients with EGFR-positive lung cancer who received adjuvant TKIs tend to have a longer DFS compared with those who did not receive adjuvant gefitinib or erlotinib (HR =0.43, *P*=0.001). OS rate was numerically superior in the group of patients who received adjuvant TKI, although it was not statistically significant (HR =0.50, *P*=0.076). The main pitfall of the aforementioned trial is imbalanced. Patients who received adjuvant TKIs had a higher disease stage and were more likely to receive adjuvant chemotherapy before starting adjuvant TKIs. The data from MSKCC are definitely challenging and have great value even if they were collected from a large case series and not from a randomized clinical trial.

Most recent trials evaluating adjuvant TKIs
-------------------------------------------

At the 2014 ASCO annual meeting, results of two prospective studies designed to evaluate the effect of erlotinib in adjuvant setting in NSCLC were published. The RADIANT trial was a randomized, double-blind, Phase III clinical trial with the aim to investigate efficacy of erlotinib adjuvant treatment in completely resected stage IB to IIIA NSCLC patients who had to have EGFR positivity by immunohistochemistry (IHC) or fluorescence in situ hybridization (FISH).[@b16-ott-8-2915] The flowchart for RADIANT trial is given in [Figure 1](#f1-ott-8-2915){ref-type="fig"}. Standard adjuvant chemotherapy was optional. Eligible patients were randomized to 2 years of erlotinib or observation. For the primary endpoint of DFS, no significant difference between the two arms was observed. Median DFS was 48.2 months in the placebo arm and 50.5 months in the erlotinib arm. In a subset analysis which included patients with EGFR-mutated disease (161 patients: 102 on erlotinib and 59 on placebo), DFS favored erlotinib in comparison with placebo. Median DFS was 46.4 months for erlotinib and 28.5 months for placebo, but this could not be considered statistically significant because of hierarchical analysis.[@b17-ott-8-2915] This study certainly had limitations and significant bias due to disproportion of stage between two groups, individual usage of adjuvant chemotherapy, and tumor size. While the RADIANT trial was underway, another study had been designed with purpose to give answers about adjuvant treatment with erlotinib, particularly for patients who are positive for EGFR mutation. That was the SELECT trial, which was a single-arm Phase II study of adjuvant erlotinib in resected stage IA to IIIA EGFR-positive NSCLC;[@b18-ott-8-2915] flowchart of SELECT trial is given in [Figure 2](#f2-ott-8-2915){ref-type="fig"}. In this trial, EGFR positivity had been established by RT-PCR rather than IHC or FISH, which was used in the RADIANT trial. The primary endpoint of the SELECT study was 2 years DFS, which was met with 94% of patients not having disease recurrence in 2 years' time frame. This study was later expanded to a sample size of 100 patients at seven sites. With median follow-up of 3.5 years, the 2-year DFS was 89%. Median DFS and OS have not been reached.[@b19-ott-8-2915] Two-thirds of all patients completed almost 2-year long-term treatment. It was observed that 24 patients had disease relapse, but only two patients during treatment with erlotinib; the remaining patients had recurrence after stopping the TKI therapy. That observation gave reasons for raising a question about adequate duration of TKI treatment. In addition, 17 patients with disease recurrence were treated with erlotinib in a second round with median treatment time of 10 months.[@b17-ott-8-2915] One potentially pivotal trial was presented on ASCO 2013 by a Chinese group. This trial was different in design than the SELECT study. In that trial, the patients received adjuvant pemetrexed, carboplatin, and gefitinib.[@b20-ott-8-2915] Sixty patients with stage IIIA-N2-positive disease were surgically resected and then randomized in two groups to receive adjuvant pemetrexed and carboplatin with or without gefitinib. This study was terminated early based on a median DFS, which was superior in the group of patients in whom gefitinib had been added to chemotherapy (39.8 months vs 27.0 months, *P*=0.014). This was a relatively small study in which gefitinib was used in combination with chemotherapy, unlike other studies in which gefitinib was added after finishing standard adjuvant chemotherapy. Nevertheless, these data showed that gefitinib added to standard chemotherapy could delay the development of disease recurrence. Recently, a group of authors from Peking University Cancer Hospital and Institute, Beijing, People's Republic of China, published results from their retrospective study, which included 257 patients with completely resected adenocarcinoma stage I--IIIA.[@b21-ott-8-2915] Among them, 138 patients had EGFR mutation of which 31 patients received adjuvant TKI. Four of them received adjuvant TKI after standard adjuvant chemotherapy, while 27 patients received exclusively TKI therapy with a median treatment duration of 18 months. The EGFR-TKIs included gefitinib, erlotinib, and icotinib. Patients with EGFR-positive mutation who received adjuvant TKIs had longer DFS than those who did not (*P*=0.033). However, adjuvant TKI therapy did not have an impact on OS between two groups (*P*=0.258), although patients who received TKIs had better 3-year OS (92.5% vs 81%). In this study, 118 patients developed disease recurrence and 64 of them had EGFR-positive disease. Of these 64 patients, eight were on adjuvant TKI treatment and seven of them developed recurrence while they were on treatment with TKIs. Although there was small number of patients who received TKI treatment, this study offered promising results, especially in patients treated with adjuvant EGFR-TKI monotherapy. In the same manner, there are currently two studies underway in Asia. In Japan, the WJOG6410L study in patients with stage II and III EGFR-positive NSCLC, patients receive, after surgery, either cisplatin and vinorelbine combination or gefitinib monotherapy. This study has target accrual of 230 patients.[@b21-ott-8-2915] In the People's Republic of China, ADJUVANT trial has a similar design where 220 patients with stage II--IIIA will receive either cisplatin and vinorelbin combination or gefitinib in adjuvant setting. The primary endpoint is DFS and secondary endpoints are OS, 3-year and 5-year DFS rate, 5-year OS rate, adverse events, and quality of life.[@b13-ott-8-2915] Another trial that offers a great opportunity for patients to enter adjuvant trials with new investigational drugs is the ALCHEMIST (A151216) trial. In this trial, patients with stage I--III non-squamous NSCLC are screened for EGFR mutations and ALK rearrangements and then randomized to appropriate targeted therapy (erlotinib or crizotinib) or placebo for 2 years after resection of tumor and standard adjuvant chemotherapy. Patients without EGFR or ALK mutation will be screened for other adjuvant trials investigating new targeted agents.[@b22-ott-8-2915] An overview of discussed trials is provided in [Table 1](#t1-ott-8-2915){ref-type="table"}.

Conclusion
==========

TKIs in the treatment of advanced non-squamous NSCLC revolutionized therapeutic approach to this disease. There is no doubt about the efficacy of TKI treatment in advanced lung adenocarcinoma. However, the place and role of this treatment in neo-adjuvant or adjuvant setting are still not defined, with many obstacles before introduction in routine treatment. To give or not to give adjuvant EGFR-TKIs still remains questionable. There is a hope that with these latest trials, we will have more definitive answers regarding efficacy of TKIs in adjuvant setting. Right now, we are stumped mostly with small single-arm trials and larger trials; all have limitations such as being terminated early or being conducted in unselected populations without selecting the proper biomarker. There are still a large number of questions that need to be answered. What kind of patients are candidates for adjuvant treatment with EGFR-TKIs? What is the optimal duration of adjuvant TKIs treatment? Is TKI treatment sufficient as a monotherapy or we should use it in combination with standard adjuvant chemotherapy? Do all stages from IA to IIIA have benefit of adjuvant TKI therapy? At the end, there is not enough evidence to give or to avoid adjuvant EGFR-TKIs. One conclusion remains: we should not prescribe these agents in adjuvant setting outside of clinical trials.
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###### 

Studies of adjuvant EGFR-TKIs in lung cancer

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                                     No of pt                   Stage        Target population             Prior treatment                                        Adjuvant regimen                     DFS
  --------------------------------------------------------- -------------------------- ------------ ----------------------------- ------------------------------------------------------ ------------------------------------ --------------------------------------------------------------
  SWOG S0023[@b10-ott-8-2915]                               243 (of a planned 840)     IIIA--IIIB   Unselected                    Concurrent chemoradiation                              Gefitinib vs placebo                 Inferior survival with gefitinib

  NCIC BR.19[@b12-ott-8-2915]                               503 (of a planned 1,160)   IB--IIIA     Unselected                    Resection +/− adjuvant chemotherapy                    Gefitinib vs placebo                 Inferior survival with gefitinib (HR =1.84; *P*=0.40)

  MSKCC[@b14-ott-8-2915]                                    167                        I--III       EGFR exon 19 or 21 mutation   Resection +/− adjuvant chemotherapy                    Erlotinib/gefitinib vs no TKIs       TKI superior 2 years DFS\
                                                                                                                                                                                                                              89% vs 72%

  RADIANT[@b16-ott-8-2915]                                  161 EGFR+                  IB--IIIA     EGFR + by IHC or FISH         Resection +/− adjuvant chemotherapy                    Erlotinib vs placebo                 TKI superior but not significant due to hierarchical testing

  SELECT[@b18-ott-8-2915]                                   100                        IA--IIIA     EGFR exon 19 or 21 mutation   Resection +/− adjuvant chemotherapy +/− radiotherapy   Erlotinib                            TKI superior 2 years DFS 89%

  Chinese Phase II study[@b20-ott-8-2915]                   60                         IIIA--N2     EGFR exon 19 or 21 mutation   Resection                                              Pemetrexed/carboplatin + gefitinib   TKI superior Median DFS 39.8 vs 27.0 months

  Chinese study from PKU cancer hospital[@b21-ott-8-2915]   257                        I--IIIA      EGFR exon 19 or 21 mutation   Resection +/− adjuvant hemotherapy                     Erlotinib or gefitinib or icotinib   TKI superior (*P*=0.033)
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** Pt, patients; EGFR-TKIs, epidermal growth factor receptor tyrosine-kinase inhibitors; DFS, disease-free survival; HR, hazard ratio; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry.
